Novobiocin biosynthesis: inactivation of the putative regulatory gene novE and heterologous expression of genes involved in aminocoumarin ring formation.
The left ends of the biosynthetic gene clusters of novobiocin ( nov), clorobiocin ( clo) and coumermycin A(1) ( cou) from Streptomyces spheroides (syn. S. caeruleus) NCIMB 11891, S. roseochromogenes var. oscitans DS 12.976 and S. rishiriensis DSM 40489 were cloned and sequenced. Sequence comparison suggested that novE, cloE and couE, respectively, represent the borders of these three clusters. Inactivation of novE proved that novE does not have an essential catalytic role in novobiocin biosynthesis, but is likely to have a regulatory function. The gene products of novF and cloF show sequence similarity to prephenate dehydrogenase and may produce 4-hydroxyphenylpyruvate (4HPP) as a precursor of the substituted benzoate moiety of novobiocin and clorobiocin. Coumermycin A(1) does not contain this benzoate moiety, and correspondingly the coumermycin cluster was found not to contain a functional novF homologue. The coumermycin biosynthetic gene cluster apparently evolved from an ancestral cluster similar to those of novobiocin and clorobiocin, and parts of the ancestral novF homologue have been deleted in this process. No homologue to novC was identified in the gene clusters of clorobiocin and coumermycin, questioning the postulated involvement of novC in aminocoumarin biosynthesis. Heterologous expression of novDEFGHIJK in Streptomyces lividans resulted in the formation of 2,4-dihydroxy-alpha-oxy-phenylacetic acid, suggesting that at least one of the proteins encoded by these genes may participate in a hydroxylation reaction.